Objective: To determine the correlation of acute physiology and chronic health evaluation (APACHE) II score and various weaning indexes (WIs) with 3-and 7-day weaning outcomes. Design: Prospective, observational. Setting: The medical ICU of a teaching, urban hospital. Methods: The study included 118 adults referred for weaning from mechanical ventilation (MV). Critical care physicians, critical care nurses, and respiratory care practitioners were asked to predict whether it would take < 3 days, 4 to 7 days, or > 8 days to wean each patient from MV. The WIs and APACHE II scores were measured or calculated. The causes of respiratory failure, the duration of MV before initiating weaning assessment, and the 3-and 7-day weaning outcomes were obtained. Significance was set at p < 0.05.
T he majority of patients requiring mechanical ventilation (MV) in the ICU are safely weaned from MV within a short period of time. Less than 10% of these patients require MV support for Ͼ 7 days. 1 The cost of maintaining patients with prolonged MV in the ICUs of acute care hospitals is huge. [2] [3] [4] In the last few years, regional weaning centers, ventilator-dependent units, and skilled nursing facilities have emerged as alternatives to the ICU in providing care to patients requiring prolonged MV support. [5] [6] [7] [8] [9] Accurate prediction of MV duration is important for patients and their family members. It is also an essential first step in the allocation of resources and appropriate use of weaning centers. A variety of criteria have been used as predictors of weaning outcome. 10 More recently, the respiratory rate (f) to tidal volume (Vt) ratio (f/Vt) 11 ; CROP index (compliance [thoracic] , respiratory [rate] , oxygen [arterial] , pressure [maximal inspiratory (Pimax)]) 11 ; relative inspiratory effort (RIE) 12 ; and a new weaning index (WI), based on ventilatory endurance and the efficiency of gas exchange 13 have been proposed as predictors of the success or failure of weaning attempts. However, all these WIs have been used to predict only the immediate outcome of weaning attempts. Scheinhorn et al 14 created another WI, the alveolar-arterial oxygen tension gradient ϩ BUN ϩ gender (A ϩ B ϩ G) score, for predicting outcome of weaning from prolonged MV. We undertook this study to determine whether the degree of physiologic derangement as measured by APACHE II (acute physiology and chronic health evaluation) scores correlates better with 3-and 7-day weaning outcomes than previously reported WIs.
Materials and Methods
This prospective, observational study involved 118 adult patients who were referred for weaning from MV. All patients were hospitalized at the Medical ICU (MICU) of University Medical Center from June 1995 through April 1997. University Medical Center is a 528-bed university hospital located in Jacksonville, FL. The study was approved and the need for informed consent was waived by the Institutional Review Board of the hospital.
There has been a weaning team in our hospital since 1992. The weaning team consisted of critical care physicians, critical care nurses, and respiratory care practitioners. The attending physicians and residents rotating in the MICU referred patients receiving MV to the weaning team when they thought the condition that led to the respiratory failure had improved, but immediate successful extubation was not expected. All patients referred to the weaning team and that had received MV (Servo 900C; Siemens; Uppsala, Sweden) for at least 3 days were included in the study. Before initiating the weaning assessment, the critical care physicians, critical care nurses, and respiratory care practitioners taking care of the patients were asked to predict whether it would take Յ 3 days, 4 to 7 days, or Ն 8 days to wean each patient from MV. The predicting individuals were blinded from the predictions of the other caregivers and none of the weaning parameter values were available before predictions were made. Respiratory mechanics variables were measured at the beginning of the weaning assessment by allowing each patient to receive a Vt of 10 mL/kg of ideal body weight while on volume-control mode. After 30 to 60 min, these patients were placed on T-piece with a 50% fraction of inspired oxygen (Fio 2 ) for at least 1 min, then the spontaneous weaning parameters were measured. The initial assessment by the weaning team of each patient was based on the results of a physical examination, a review of pertinent clinical data, an arterial blood gas determination, and measurement of positive end-expiratory pressure (PEEP), auto-PEEP, plateau and peak airway pressure, ventilator-delivered Vt, set-minute ventilation, inspiratory time (Ti) on a mechanical ventilator, spontaneous Pimax, spontaneous minute ventilation, spontaneous f, and spontaneous Ti. The static compliance, dynamic compliance, f/Vt, 11 RIE, 12 A ϩ B ϩ G score, 14 CROP, 11 and WI 13 were calculated. The APACHE II scores were calculated on the basis of the worst vital signs, Glasgow coma scores, and laboratory values in the 24-h period before the weaning assessment. 15 On completion of the weaning assessment, the weaning process was initiated and performed by the weaning team. Our weaning process involved daily spontaneous breathing trials with a T-tube.
Weaning outcomes were classified into failure or success categories. A successful outcome occurred when the patient could spontaneously ventilate without mechanical ventilator support, including noninvasive MV, for at least 24 h within 3 or 7 days of weaning assessment. A failure outcome resulted when the patient needed continuing mechanical ventilator support for Ͼ 3 or 7 days after weaning assessment, or when death occurred before hospital discharge. Initiation of invasive or noninvasive MV support within 24 h of liberation from MV was also considered to be a failure.
The demographic characteristics of the patients, the causes of the respiratory failure, duration of MV before and after the weaning assessment, the length of MICU and hospital stay, and the in-hospital mortality were noted.
The sensitivity, specificity, positive and negative predictive values, and total correct prediction for weaning outcome were calculated according to the relationships shown in Table 1 .
All statistical analyses were performed using a computer software program (StatView 4.5; Abacus Concepts; Berkeley, CA). All means were expressed with the SD. Mann-Whitney U and 2 tests were used to determine differences between groups. The area under the receiver operating characteristic curve (AUC) was calculated to determine the overall performance of each WI. The p values Ͻ 0.05 were considered significant.
Results
The mean age of the patients was 56.1 Ϯ 13.9 years. Sixty of the 118 patients (51%) were white, 56 were African-American (48%), and 2 were Hispanic (2%). Sixty patients (51%) were men. The causes of the respiratory failure leading to MV are listed in Table 2 . The patients had been ventilator dependent 
3-Day Weaning Outcome
Fifty-seven of the 118 patients (48%) were successfully weaned from MV within 3 days of weaning assessment. Twenty-seven of the men (45%) had a successful 3-day weaning outcome compared to 26 of the women (45%; p Ͼ 0.9999). Thirty of the white patients (50%) had a successful 3-day weaning outcome compared to 22 of the African-Americans (39%) and 1 of the Hispanic patients (50%; p ϭ 0.5053). Patients in the successful 3-day weaning outcome group had been receiving MV for 10.7 Ϯ 6.4 days (median, 9 days) before initiating weaning compared to 11.8 Ϯ 7.8 days (median, 0.3950) . The prediction sensitivity, specificity, positive and negative predictive values, and total correct prediction in predicting 3-day weaning outcome by critical care physicians, critical care nurses, and respiratory care practitioners are listed in Table  3 . The differences in the values of the WIs and APACHE II scores between the 3-day weaning success and failure groups are shown in Table 4 , along with the AUC of each WI.
7-Day Weaning Outcome
Sixty-seven of the patients (57%) were successfully weaned from MV within 7 days of weaning assessment. Thirty-two of the men (53%) had successful 7-day weaning outcomes compared to 35 of the women (60%; p ϭ 0.4421). Thirty-four of the white patients (57%) had successful 7-day weaning outcomes compared to 32 African-Americans (57%) and 1 Hispanic patient (50%; p ϭ 0.9798). Patients in the successful 7-day weaning outcome group had received MV for 11.2 Ϯ 7.7 days (median, 9 days) before initiating weaning compared to 11.5 Ϯ 6.4 days (median, 11 days) for patients in the failure group (p ϭ 0.4325). The auto-PEEP level of patients in the successful 7-day weaning group was 1.0 Ϯ 2.2 cm H 2 O (median, 0 cm H 2 O) compared to 1.7 Ϯ 2.7 cm H 2 O (median, 0 cm H 2 O) for patients in the failure group (p ϭ 0.1304). The prediction sensitivity, specificity, positive and negative predictive values, and total correct prediction in predicting 7-day weaning outcome by critical care physicians, critical care nurses, and respiratory care practitioners are Table 1 for abbreviations used. listed in Table 5 . The differences in the values of the WIs and APACHE II scores between 7-day weaning success and failure groups are presented in Table 6 , along with the AUC of each WI.
Discussion
The results of this study show that the overall severity of illness of the patients as assessed by APACHE II score correlates better with 3-and 7-day weaning outcome than previously published WIs.
The traditional WIs consist of vital capacity, Pimax, and minute ventilation. 10, 16 Some of the conventional WIs rely on tests of respiratory muscle function alone or gas exchange alone. Recently, Jabour et al 13 proposed the WI based on respiratory mechanics, respiratory muscle function, and gas exchange, whereas Yang and Tobin 11 showed that the f/Vt of Ͻ 105/min/L is associated with a high positive predictive value of extubation success. Subsequent studies have revealed inconsistent predictive accuracy for f/Vt. [17] [18] [19] [20] [21] Methodologic differences may account for these inconsistencies. Unlike Yang and Tobin, 11 we used supplemental oxygen when measuring the f/Vt. However, part of the poor predictive accuracy of most WIs can be explained by an inherent limitation of assessing only the respiratory status of patients. They are thus physiologically and temporally unable to predict weaning failures caused by nonrespiratory processes. Researchers [22] [23] [24] have recently shown that the need for prolonged MV is determined by the degree of physiologic derangement as measured by APACHE II and III scores. Vitacca et al 25 have shown that underlying general conditions as assessed by malnutrition and APACHE II score are predictors of need for MV in patients with acute exacerbation of COPD.
The focus of this study was not to assess the role of the different WIs in predicting immediate weaning outcome, but to determine whether these indexes and APACHE II scores correlate with 3-and 7-day outcome of weaning from MV. With this focus, patients likely to be weaned from MV immediately were not included in the study. In attempts to decrease the cost of caring for the critically ill, many ventilator-dependent patients are transferred from expensive ICUs of acute care hospitals to less expensive subacute care facilities as soon as their acute unstable conditions are stabilized and prolonged MV dependence is anticipated. 26 We chose 3-and 7-day weaning outcomes to determine variables that will help us to evaluate patients who will require prolonged MV and thus need transfer to subacute care facilities.
We need easily measurable WIs to help us make clinical decisions. The f/Vt and CROP are such indexes that had been well studied in predicting immediate weaning outcome. 11 However, these indexes assess pulmonary gas exchange and the bal- ance between respiratory muscle reserve and demand, and they ignore the nonpulmonary conditions that may affect outcome of weaning from MV. The A ϩ B ϩ G weaning scores have been shown to correlate well with outcome of weaning from prolonged MV. 14 However, the A ϩ B ϩ G scores ignore all the nonpulmonary organ functions except those of the kidneys. We used the APACHE II scoring system in this study because it is a better way of assessing the overall condition of patients. However, the APACHE II scoring system requires collecting 13 variables, a task that may be time consuming. This study showed that the APACHE II scores correlate better than the other WIs with 3-and 7-day weaning outcome. This is not surprising because the other WIs (except the A ϩ B ϩ G) were studied for predicting immediate weaning outcome. A study from France 23 had shown that prolonged MV is primarily determined by the admitting diagnoses and the degree of physiologic derangement as measured by APACHE II score. We have confirmed this finding in a retrospective study of MICU patients. 22 Another study revealed that acute physiology score and APACHE III from the seventh day of MV can be used to stratify the risk of prolonged MV in surgical patients. 24 The rising cost of caring for ventilator-dependent patients is a real concern for everyone involved in health-care delivery. In the late 1980s, the Health Care Financing Administration established chronic ventilator-dependent units for investigating a less expensive alternative of providing care for patients requiring chronic MV. Such regional weaning centers have emerged in some parts of this country and have provided good patient outcome. 6, 26 The ability to accurately predict the duration of prolonged MV is beneficial to patients, their families, health-care providers, and the health-care system. It will help in the allocation of health-care resources and reduce health-care cost by promoting the early transfer of patients requiring prolonged MV from ICUs of acute care hospitals to weaning centers. However, there are no universally accepted predictors of prolonged MV. Scheinhorn et al 14 created the A ϩ B ϩ G index in an attempt to address this issue. Unfortunately, the A ϩ B ϩ G index performed no better than the APACHE II score and Pimax in this study. The A ϩ B ϩ G index does not give enough information about the general condition of a patient. Moreover, the gender component of this index has not been associated with weaning outcome in our study. The abilities of critical care physicians, critical care nurses, and respiratory care practitioners in predicting weaning outcome were also unacceptably low as shown in this study. These findings suggest that we need a better WI, one that incorporates the overall physiologic condition of the patient in order to improve the accuracy of predicting prolonged MV dependence.
